ABSTRACT -This study aimed to evaluate the relationship between the steadiness of broilers during the stance phase of locomotion, and the primary disorders of the locomotor system and gait. The experimental design was completely randomized, in a factorial arrangement (2 × 2 + 32), indicating two sexes and two genetic commercial strains, with five replications of 53 broilers each, and 32 (16 males and 16 females) indigenous chickens. Gait score and valgus and varus condition were assessed. Pictures of the birds were taken and evaluated. The broiler body was considered a spherical shape, and the centroid was calculated. From the geometric center of the body, a line was drawn perpendicularly to the sphere radius that formed an angle (ANG) with the other vertical line drawn from the centroid to the ground. The angle projected onto the ground was analyzed, and the body steadiness (EC) was estimated. At the 42nd day of growth, broilers were weighed to assess the body weight, the breast weight after slaughter, and the percentage of the breast (PB). Femoral degeneration, tibial dyschondroplasia, spondylolisthesis, and footpad dermatitis were evaluated. Fast-growing broilers presented a high prevalence of locomotor issues. The PB was not affected by sex or genetic strain. Males showed better ANG than the females, regardless of the genetic strain. More balanced EC was found in commercial broilers when compared with the indigenous chicken that stood slightly towards the back during the stance phase. A medium (in males) to high (in females) association between EC and ANG was found amongst broilers from the commercial strains in both males and females. The broilers from commercial strains presented more locomotor issues than the indigenous chicken. Commercial broiler strains show less locomotor soundness than indigenous chickens.
Introduction
The rapid weight gain and fast muscle growth due to intense genetic selection for additional breast muscle (pectoral hypertrophy) in broiler (Gallus domesticus) commercial strains affect the body balance of birds (Julian, 2005; Angel, 2007) . Fast growing broilers tend to become lame and bow forward (Almeida Paz et al., 2010) . As a consequence of this unstable equilibrium condition, the angle from the center of the body mass toward the ground tends to become wider than normal, affecting the gait and deteriorating the welfare (Bessei, 2006; Caplen et al., 2012) .
Brazilian indigenous chickens (Gallus gallus domesticus) are being re-introduced to the market. The birds are reared in a free-range system with more appropriate welfare than those from commercial strains (Sundrum, 2001) ; they have access to perches and paddocks with grass, which allows these birds to express their natural behavior. The meat from these birds meets a market niche.
Locomotor issues in commercial flocks remain a concern for the poultry industry in Brazil. The field evaluation and welfare audit are based mostly on the gait scoring technique (Kestin et al., 1992) . However, the gait score method lacks in assessing the postural characteristics of the birds. Photometry is a methodology used to evaluate postural distress in humans, allowing the record of visual assessments (Mizuno et al., 2001; Rea et al., 2004) . Photometry is a non-invasive and simple method that could be applied in evaluating the steadiness of broilers. Most methodologies used in human postural analysis require the use of lateral pictures of the subject, which can be adapted for the application in animals or birds (Chandler et al., 1990 ).
This study aimed to compare the posture of broilers during the stance phase of locomotion, using the angle from the center of the body mass toward the ground, relating the variable to the bird gait score and other conditions associated with locomotion disorders. Commercial broilers were compared with indigenous chicken that did not undergo genetic selection on scientific basis, for production characteristics.
Material and Methods
The study was carried out in Dourados, Brazil (54°11'6" W longitude and 23°28'26" S latitude) and approved by the Ethics Committee of Universidade Federal da Grande Dourados (case no. 009/2012).
A total of 1060 one-day-old broiler chicks from two commercial genetic strains (Cobb ® 500 and Ross ® 308) and 32 indigenous chickens were used in the experiment. The commercial strain broilers were separated by sex and randomly distributed into 20 pens with a flock density of 11.77 bird m −2 , while the indigenous chickens were reared apart in another experimental field. The indigenous, or free-range chicken, is a crossbred between Red Junglefowl and mixed exotic domestic breed, usually reared in family agriculture, with a poor degree of genetic selection for production characteristics. The broilers from the commercial strains were raised inside an East-West solar oriented broiler house with tube feeders and drinkers; adequate feed and water were available ad libitum. The indigenous chickens were reared in a free-range system and also received the supplementary feed.
The broiler biomechanical and physical characteristics assessed inside the house were the gait score (GS) and the valgus (VAL) and varus (VAR) angular deformities. Lateral pictures of the birds were taken, and the body was assumed as a partial sphere. The centroid of the sphere was measured. From the geometric center of the body mass, a line was drawn perpendicularly to the sphere radius that formed an angle (ANG) with the other vertical line drawn from the centroid to the ground. The angle projected onto the ground was analyzed, and the body steadiness (EC) was evaluated.
During the 42nd day of growth, the commercial strain broilers were weighed to determine the body weight (BW), and after slaughter, the breast weight (BEW) and percentage of the breast (PB) were assessed. The presence of femoral degeneration (FD), tibial dyschondroplasia (TD), spondylolisthesis (SPO), and footpad dermatitis (POD) were also evaluated. The same procedure was applied to the indigenous chickens.
The gait scoring was carried on all broilers on the 40th day of grow-out. Birds were stimulated to walk 1 m distance on a flat surface with rice husks, simulating the litter. The gait score was based on the following scale: 0 = birds walking 10 steps or more in 1 linear meter in the normal way; 1 = the bird moves quickly, but a little deficiency is noted; 2 = the bird movements are fast, but high deficiency is observed while the bird walks; 3 = the bird has severe difficulties during walking; 4 = bird hardly walks and sometimes use the wings to improve walking; and 5 = the bird either does not walk, or, almost immediate sits after the attempt of walking (Kestin et al., 1992) .
After gait scoring, VAL and VAR were assessed using 30 broilers for each treatment in the commercial strains, and 32 of the indigenous chickens, as suggested by Leterrier and Nys (1992) . The angle between the middle finger and the tibia of both right and left legs was measured using a caliper rule and a protractor. When the angle was higher than 10º positive, it was characterized as VAL, and when this angle was greater than 10º negative, it was marked as VAR. The footpad dermatitis was analyzed simultaneously, and scores were assigned from 0 to 2 (varying from good to poor).
The lateral pictures were taken using the same birds which were used for assessing VAL and VAR. Broilers were standing at 1 m distance from the tripod (height of 15 cm) with the camera, and ANG and EC were measured from the picture (Chandler and Hemami, 2007) . The bird was considered equivalent to a spherical cap (Figure 1 ). The centroid was calculated, and the center of symmetry EC -equilibrium position (body steadiness on the gravity center); r -radius of the sphere; h -internal shaft.
was found. Using the equilibrium condition and the posture angle during the stance phase, the birds posture was obtained. The sphere radius was measured, and this value was constant for all analyzed images, as the birds had similar weight and shape. A parallel line to the sphere radius was drawn taking the cloacal basis at one end and the wattle at the other end. The difference between the cap sphere radius and the parallel line to the shaft of the cap was calculated as a function of the bird size. The equilibrium position (EC) was then calculated (Equation 1).
Eq. 1 in which EC = equilibrium position (body steadiness on the gravity center); r = the radius of the sphere; and h = the internal shaft.
In the next step, a parallel line to the ground was drawn going through the bird footpad, which intersected the perpendicular line drawn from the mass centroid. The EC was set at the intersection of the vertical line and the line perpendicular to the sphere radius. The EC was scored based on the angle the body makes with the ground (Table 1) . From the intersection of the spherical cap symmetry axis (at 90º) and the vertical line from the EC, the broiler ANG was estimated using a protractor. The angle difference found between the symmetry axes was calculated. In those birds which could not walk properly with high gait score, the ANG was assumed 0º.
Birds were anesthetized and euthanized by a jugular incision at 42 days of grow-out. The percentage of the breast related to the carcass was measured as the difference in weight between the cuts.
The femoral degeneration (FD) analysis was based on the integrity of the head of the femur in both left and right legs, and scores were given from 0 (head of the femur and cartilage without injuries) to 2 (femur totally injured).
For the assessment of TD, the thickness of the tibia cartilage growth was measured through an incision in both left and right tibias of each broiler to determine the growth plate. The given scores were from 0 to 2 as a function of the abnormal local cartilage (Almeida Paz et al., 2005) .
The SPO investigation was performed by sawing the spine sagittally to visualize macroscopically the bird cervical spine between the 6th and the 7th vertebrae (Wise, 1970; Riddell, 1973; Wise, 1973) . When the vertebrae were found in their normal axis and without compressing the bone marrow, the given score was 0 (no issue in the cervical spine). However, when the vertebrae compressed the bone marrow causing locomotor distress, the given score was 1 (presence of SPO).
The experimental design was completely randomized in a factorial arrangement (2 × 2 + 32) organized in two sexes and two genetic strains (A and B), with five replications of 53 birds each. A total 16 males and 16 females of indigenous chickens were added to the experiment ( Table 2) .
Analysis of variance was applied to the results. Data related to locomotor issues (GS, VAL and VAR, POD, ANG, EC, FD, TD, and SPO) were tested using the Kruskal-Wallis test for checking the normality of the residue. The Levene test was applied for testing the homogeneity of the variance. Data from live weight and breast weight were tested with ANOVA, and means were compared using Tukey's test. All statistical analyses were performed at a confidence level of 95%. Data were processed using SAS (Statistical Analysis System, version 9.2.) statistical software.
Results and Discussion
No interaction (P>0.05) was found between sex and genetic strain; therefore, all studied characteristics were discussed separately (GS, SPO, FD, TD, ANG, EC, VAL, and VAR). The variables ANG and EC were affected by the bird sex. The genetic strain of the birds affected the variables GS, POD, SPO, FD, and EC. Treatments did not influence bone deformities VAL, VAR, or TD (Table 3) .
The two commercial strains and the indigenous chicken had GS incidence of 1 to 5 in less than 30% of the birds (Table 4) , and similar values for valgus (VAL) and varus deformities, which was also found on commercial farms in the European Union and the United States (Sorensen et al., Table 1 2000; Grandin, 2007) . Although visually there is a high percentage of broilers commonly walking on commercial farms, this might not mean that there are only sound birds in the flock (Fernandes et al., 2012) . The difference found between the commercial strains and the indigenous chicken might be assigned to various factors, the most critical of which are the weight distribution and the way broilers gain weight during the grow-out period. Mean values of weight found were of 2.610 g for the broilers from commercial strains, and 1.670 g for the indigenous chickens. This difference in body weight might interfere with the posture during locomotion and in the stance phase, compromising the way of walking. The marked development of the pectoralis major of the current broiler moved its gravity center (Weeks et al., 2000) , negatively influencing the bird equilibrium condition and modifying its body posture, which may aggravate back problems and compromise walking. One of the hypotheses is that bone development in these animals is not sufficiently adequate to support their weight. Indigenous chickens that are raised in a free-range system have a slower weight gain with consistent bone growth.
Comparing the gait of commercial strain and jungle fowl, Caplen et al. (2012) found that broiler genetic strains present an unbalanced body due to the intense genetic selection for additional breast muscle (pectoral hypertrophy). Fast-growth birds develop compensatory gait adaptations to minimize energy expenditure that triggers high-lameness prevalence within commercial flocks. Broilers do not walk much inside the house during the grow-out period, since hunger and thirst are not the primary stimuli for birds to move (Bokkers et al., 2006) . On commercial broiler farms, feeders and drinkers are placed close to the birds, and consequently, these birds need to walk less than the indigenous chickens reared in free-range systems (Ganabadi et al., 2009) .
Neither sex nor genetic strain (P>0.05) had an effect on the angular leg deformities. A total of 19.5% of broilers had VAL, and 7.6% presented VAR. The total percentage of angular deformities was lower than those found in the current literature (Fernandes et al., 2012) . Almeida Paz et al. (2010) indicated that nearly 32% of commercial broilers had angular leg deformities; however, no difference was found between sex and genetic strains. The percentage of birds with lateral deviation VAL was higher than with VAR, which is commonly found in the literature on bone deformities (Julian, 1984; Leterrier and Nys, 1992; Hocking, 2014) .
The indigenous chickens showed less footpad lesion than the broilers from the commercial strains (Table 5 ). The result could be credited to the rearing system. The increase in the number of footpad lesions is related to high-flock density and the fast growth of the birds, and it may be the result of inappropriate litter management (Dozier III et al., 2005) . Indigenous chickens are usually reared in free-range systems, and they walk on different types of abrasive grounds that might result in a denser footpad. In the present study, only two indigenous chicken males and two females had footpad lesions. The broilers from the commercial genetic strains reared on litter showed more footpad lesions than the indigenous chickens, probably as a result of the litter fermentation and consequent increase in surface temperature (Garcia et al., 2012) . Dawkins et al. (2004) described the prevalence footpad dermatitis in birds with rapid growth rate, which explained the high incidence of POD found in the present study in broilers from commercial genetic strains. The frequency of occurrence of SPO in broilers of the Cobb ® 500 and Ross ® 308 strains differed from that found in the indigenous chickens (P≤0.05), and the birds from the commercial strains were the most affected. Wise (1970) found similar results indicating that SPO might be related to a genetic factor. However, reasons for this disease are multifactorial and not yet clear. Results by other authors suggest that age, sex, and management might influence the occurrence of SPO (Riddell, 1973; Wise, 1973) . Almeida Paz et al. (2010) found the incidence of SPO related to management and litter, regardless of sex and genetic strain. The rate of this anomaly in the present study was higher than other findings in the current literature when this pathology reaches nearly 2% of commercial flocks (Osbaldiston et al., 1967; Wise, 1970) .
The difference found in FD results appears to be related to the low occurrence of this condition found in indigenous chickens. Fernandes et al. (2012) indicated that 72% of broilers in commercial flocks had sound femur. The results of these authors are similar to the outcome of the present study including the commercial strains A and B. Almeida Paz et al. (2010) found a lower frequency of occurrence varying from 15 to 19% of broilers with FD in the commercial flock. No difference between sex or genetic strain (P>0.05) was identified. The mineral composition of the bones and cartilage were probably affected by the genetic selection for broiler leading to the presence of the FD condition (Schmidt et al., 2009; Almeida Paz et al., 2009; Hocking, 2014) . Since a histological evaluation region affected by FD condition is shown with angiogenesis and changes in the integrity and arrangement of the cells, in many cases no presence of joint cartilage is observed in the femur head (Almeida Paz et al., 2009) .
Indigenous chickens walked sounder than broilers from the commercial strains, probably due to the higher percentage of muscle found in commercial broilers. Bone anomalies were also present in rapid growth broilers, as they are more susceptible to tissue hypoxia (Angel, 2007) . The frequency of TD occurrence did not differ in sex or genetic strain (P>0.05) in the present study, agreeing with other findings in the literature (Almeida Paz et al., 2010; Fernandes et al., 2012) . Previous research reported TD in 83% of broilers in commercial flocks (Cruickshank and Sim, 1986; Almeida Paz et al., 2005) . The decrease in the incidence of this pathology might be a result of the genetic improvement (Tickle et al., 2014) , whereas the breeding was used to obtain broilers resistant to this anomaly. Thus, the TD incidence decreased from about 83% to 5% (Fernandes et al., 2012) in 20 to 15 years. In the present study, the frequency of TD incidence did not differ amongst all birds, although it was expected that the presence of TD in rustic birds would be different from that in commercial broilers. According to Praul et al. (2000) , TD is usually caused by rapid growth, and heavier birds are more likely to present the disease.
The angle projected onto the ground was affected only by the sex (P≤0.05), independent of the genetic strain (Figure 2 ). Male broilers showed better ANG than females, which showed a higher incidence of zero ANG, as more females remained laying on the litter. As male broilers are heavier than the females, the males were expected to present more appropriate ANG. Since the percentages of breast meat in both sexes did not differ, the difference in ANG might not be related to the broiler sex. Angel (2007) did not find a difference in bone mineralization and growth in the first weeks of the broiler growth; however, the male birds presented higher skeletal strength and bone resistance than the females.
Results for equilibrium condition (EC) were not affected by genetic strain or sex (Figure 3) . Ross ® 308 broilers showed better EC (score 2) in both males and females than the other tested birds. Cobb ® 500 broilers stayed more prostrated than the others most of the time, while the indigenous chickens presented a higher number of score 1 than the other studied birds. This incidence was probably because the indigenous chickens have longer bones than the other genetic strains studied. Cobb ® 500 female broilers had scores 3 and 4. None of the studied birds showed an ideal balance during the stance phase. Female Ross ® 308 presented 60% of score 2 (perfect balance) and 0% of prostrated birds. These results might be explained by the weight of birds (Table 6) , as Cobb ® 500 strain female broilers had an intermediate weight between the male from commercial genetic strains and the female from Ross ® 308, and these birds presented thinner bones when compared with males (Tickle et al., 2014) . Male and female indigenous chicken showed a high incidence of score 1, and 37.5% of females were prostrated at some point during the research. This methodology of observing EC related to their stance behavior might not be sufficient to estimate bird welfare. It has been reported that birds with little genetic selection pressure have a more upright posture, while modern broilers present a larger pectoral muscle mass and increased meat yield, tending to bow forward during the stance phase (Havenstein et al., 2003; Schmidt et al., 2009; Caplen et al., 2012) .
When correlating the locomotor issues ANG, EC, and GS from male and female broilers (Table 7) , it was found that GS presented a low correlation with TD (0.19), SPO (0.35), VAL (0.27), and POD (−0.23). Some authors have indicated a low correlation between GS and locomotor issues in broilers (Sanotra et al., 2001; Almeida Paz et al., 2010; Fernandes et al., 2012) . The gait score method proposed by Kestin et al. (1992) estimates the welfare of broilers during walking. The gait score might not be sufficient to predict bone anomalies (Garner et al., 2002; Fernandes et al., 2012) due to the subjectivity and the difficulties of the standardization of the technique.
The high incidence of GS (from 1 to 5) varies with ANG (−0.28) and, consequently, EC (−0.27) is affected to induce a proper balance and to reduce the bird discomfort. Posture tends to change, and the leg becomes curved (GS × VAL -0.27). As ANG changes, the bird tends to move inclined forwards, influencing the rise of SPO (−0.31).
Results of broiler correlation with BW (−0.20), BEW (−0.37), and GS (−0.28) indicate that heavier birds tend to move slower than lighter birds (Paxton et al., 2013) . Footpad lesions (−0.28) and EC (−0.28) presented a low association with the broilers of genetic strains. Body weight (BW) and BEW were correlated with ANG and EC, confirming the trend that a weight increase is detrimental to the bird posture. As weight values were similar for all birds, low correlations were found between breast meat weight and live weight, and ANG and EC.
With the need to provide meat to humans, genetic selection in broilers has adopted the trend to increase conversion rate and rapid growth (Pym, 2005; Bessei, 2006) . However, this trend might not be the ideal towards bird welfare, as it causes an adverse impact on their locomotion (Kestin et al., 1992; Tickle et al., 2014) . Indigenous chicken presented lower muscle conformation and slow bone development (Ganabadi et al., 2009 ) and, therefore, these birds appear to be sounder than commercial genetic strain broilers.
Conclusions
Gait score, posture angle, and equilibrium condition show a moderate to strong association; and the determination of these variables, especially the equilibrium condition, might be a suitable method for estimating locomotor abilities of broilers. The way broilers walk appears to be more related to body posture than to bone pathologies.
Commercial broiler strains show less locomotor soundness than indigenous chickens.
